This is an updated, comprehensive review of the psychometric properties of behavioral pain assessment tools for use with noncommunicative, critically ill adults. Articles were searched in 5 health databases. A total of 106 articles were analyzed, including 54 recently published papers. Nine behavioral pain assessment tools developed for noncommunicative critically ill adults and 4 tools developed for other noncommunicative populations were included. The scale development process, reliability, validity, feasibility, and clinical utility were analyzed using a 0 to 20 scoring system, and quality of evidence was also evaluated. The Behavioral Pain Scale, the Behavioral Pain Scale-Nonintubated, and the Critical-Care Pain Observation Tool remain the tools with the strongest psychometric properties, with validation testing having been conducted in multiple countries and various languages. Other tools may be good alternatives, but additional research on them is necessary.
prevalent while the patient is at rest and during procedures. 1, 2 Assessing pain is a daily challenge in the ICU. Many patients are unable to selfreport their pain for reasons such as altered levels of consciousness, mechanical ventilation, heavy sedation, and delirium. 3 Although the gold standard measure of pain remains the patient's self-report, alternative behavioral assessment tools must be used for those unable to provide a reliable self-report of pain. [4] [5] [6] This comprehensive review is an update of a previous review 7 that evolved from the work completed on the 2013 clinical practice guidelines of the Society of Critical Care Medicine (SCCM). 8 Psychometric analysis of available behavioral pain assessment tools was updated in the 2018 SCCM clinical practice guidelines 4 ; new tools and validation studies published online ahead of print or published up to May 2019 were included in this review. Our aim for this comprehensive review was to analyze the development and psychometric properties (ie, reliability and validity) of behavioral painassessment tools for use in noncommunicative, critically ill adults.
Methods

Search Strategy and Selection of Studies
We updated the literature sources in the present review, using the same search terms and clinical databases described in our 2013 initial review 7 and in the 2018 SCCM practice guidelines. 4 Briefly, we used general Medical Subject Heading terms such as pain assessment, pain measurement, and the names of behavioral pain assessment tools. Searches were performed by an experienced research librarian using the following databases: Cumulative Index to Nursing and Allied Health Literature, Embase, MEDLINE, PubMed, and Web of Science. We decided to exclude Scopus because it includes a variety of academic disciplines in addition to health sciences, and the results of a Scopus search were neither specific nor relevant to the aim of this review. Studies were eligible if the population included adults aged 18 years or older in the ICU and the studies were in English, French, or any other languages spoken by the review coauthors or their graduate students. Abstracts, reviews, case reports, editorials, and letters to the editor were excluded. Titles and abstracts were screened by 2 reviewers. Disagreements about selection of studies were discussed, and consensus was reached. The majority of included papers were in English, but some were written in other languages (namely, French, Spanish, and Korean), and we had reviewers with proficiency in these languages.
Psychometric Scoring Evaluation
The psychometric scoring system was previously described 7 and established with the consultation of 3 external experts in health measurement. The scoring system includes 5 main sections: (1) scale development (5 points), (2) reliability (5 points), (3) validity (10 points), (4) feasibility (2 points), and (5) clinical utility (1 point). The total score ranges from 0 to 23. Reliability refers to the overall reproducibility of measures obtained from an assessment tool, and strategies evaluated as part of the psychometric system included internal consistency (ie, homogeneity of the items) and interrater reliability. We removed the item related to intrarater reliability because it is optional when poor interrater reliability findings are found, but we described it in the presentation of each tool in Results, when appropriate. Validity refers to the interpretation of assessment tool scores. Criterion validation (ie, comparison with the gold standard measure of pain: the patient's self-report) and discriminative validation (ie, comparison of pain scores between painful and nonpainful procedures) were evaluated. Each tool was attributed the highest score according to available study findings. However, when assumptions were not respected in the calculation of coefficient or statistical test in most studies, the score was reduced by 1 point on the specific item that was evaluated. Weighted scores were then calculated taking into account the importance of each section (ie, more weight for reliability and validity). A total weighted score was obtained by summing the weighted scores of each section and ranged from 0 to 20. The interpretation of weighted scores was as follows: very good (score [15] [16] [17] [18] [19] [20] , good (score 12-14.9), acceptable but other studies are necessary (score 10-11.9), and unacceptable (score < 10). 7 As described in our initial review, 7 the quality of evidence for each tool was evaluated as high, moderate, low, or very low, having been adapted from the Grades of Recommendations, Assessment, Development, and Evaluation methodology used in the SCCM clinical practice guidelines process. 8, 9 High quality of evidence is established in a report when the scale development was well described, multiple validation strategies were tested and replicated in different studies in an overall large sample representative of the ICU population, and validation findings were consistent across most studies. Moderate quality of evidence is determined when some validation studies with an overall moderate sample size representative of some ICU patient groups were included, multiple validation strategies were used, and findings were consistent in most studies, but some methodological limitations were identified. Low quality of evidence is determined when very few validation studies were included, with an overall small sample not representative of different ICU patient groups, and some steps of scale development and validation were missing. When the psychometric properties related to the use of scale cannot be supported, a very low quality of evidence is established.
Data from studies included in the initial review of 2013 and in the 2018 SCCM clinical practice guidelines were extracted and psychometric scoring was done independently by 2 reviewers. In this updated review, data extraction and psychometric scoring of 3 new behavioral pain assessment tools were completed using a similar process. However, for new articles added in this review, data extraction was done by 1 reviewer and was checked by a second reviewer. Psychometric scoring of all tools was verified by 2 reviewers. Reviewers involved in the development of tools included in this review did not take part in data extraction of studies in which their behavioral pain assessment tool was tested.
Explanations of psychometric concepts and of the psychometric scoring system were provided to reviewers by the primary author (C.G.), who holds a doctorate in Nursing and Measurement. In addition to holding a doctorate degree, 2 of the reviewers (M. Bérubé, M. Boitor) completed a graduate course in health measurement. Three reviewers (C.G., A.M.J., and K.A.P.) were involved in the 2013 initial review, 3 additional reviewers participated to the 2018 SCCM clinical practice guidelines (P.M.S., J.F.P., and G.C.), and the remaining 3 reviewers (M. Bérubé, M. Boitor, S.S.T.) were not involved in the previous review.
Results
In the initial review, 7 32 studies were included for data extraction and analysis.
The review was updated as part of the 2018 SCCM clinical practice guidelines, to which 20 other studies were added. 4 In the present updated, comprehensive review, 3 new behavioral pain assessment tools developed for other patient populations and tested for their use in critically ill adults (namely, the Escala de Conductas Indicadoras de Dolor [ESCID] Behavioral Indicators for Pain Scale, Multidimensional Objective Pain Assessment Tool [MOPAT], and Nociception Coma Scale-Revised [NCS-R]) and 54 additional studies were included, for a total of 106 articles in which scale development, validation, feasibility, implementation into practice, and/or impact on patient outcomes were described. Items and interpretation of scoring of all behavioral pain assessments tools are described in Table 1 , and a summary of all validation and implementation studies is given in Appendixes A and B (available online at www.aacnacconline.org). Results are presented for 9 behavioral pain assessment tools developed for noncommunicative, critically ill adults and 4 such tools developed for other nonverbal populations but tested for their use in noncommunicative, critically ill adults.
Psychometric scoring for each tool is presented in Table 2 . Four tools obtained very good weighted scores of greater than 15: the Behavioral Pain Scale (BPS), Behavioral Pain Scale-Nonintubated (BPS-NI), Critical-Care Pain Observation Tool (CPOT), and initial Nonverbal Pain Scale (NVPS-I) with moderate to high evidence. Good weighted scores (ie, scores of 12-14.9) were found for the revised NVPS (NVPS-R; moderate evidence), the MOPAT and the NCS-R-Intubated (NCS-R-I) with low evidence. The Behavior Pain Assessment Tool (BPAT) obtained a high acceptable weighted score (10-11.9) with moderate evidence. Unacceptable weighted scores (ie, those <10) were obtained for all other tools with low or very low evidence.
Behavioral Pain Assessment Tools Developed for Noncommunicative, Critically Ill Adults
Behavior Observation Tool. The psychometric score of the Behavior Observation Tool (BOT) was unchanged, because no new study was retrieved for this updated review. The BOT is a checklist of 38 behaviors clustered into facial responses, verbal responses, and body movements, 11 13 ). Its content was evaluated by an expert committee for completeness and usability, and the tool was pretested with 10 critically ill adults. This tool was developed for the Thunder Project II and was tested in 5957 critically ill adults from 169 hospitals mainly located in the United States, with a few from Canada, United Kingdom, and Australia. 11 Most patients were admitted to the ICU for a medical (46.5%) or surgical (38%) diagnosis and were able to self-report their pain. Discriminative validation was supported with increases in the frequency of almost all behaviors during standard care procedures. According to criterion validation, positive correlations were found between self-reported procedural pain intensity and the number of facial (r = 0.41), verbal (r = 0.49), and body movement responses (r = 0.37). Patients with procedural pain were 2.8, 4.1, and 10.3 times more likely to have increased facial responses, body movements, and verbal responses, respectively. These findings support the construct validity of the BOT in a large sample of critically ill patients who could communicate.
A modified version of the BOT was tested during a nociceptive procedure (ie, endotracheal suctioning or turning) and gentle touch by Li et al 14 in 48 adults who received mechanical ventilatory support and sedation during cardiac surgery. Some behaviors were observed only during the nociceptive procedure, such as grimacing (17%) and random movement of extremities (21%). Additional validation of the BOT is required in noncommunicative patients in the ICU, and reliability needs to be examined.
Behavior Pain Assessment Tool. The BPAT is a shorter version of 8 items of the BOT developed for the Thunder Project II. 11 It has been published and was analyzed as part of the 2018 SCCM clinical practice guidelines. 4 Initially available in English, the BPAT was translated into 11 different languages (Czech, Dutch, French, German, Greek, Spanish, Italian, Polish, Portuguese, Danish, and Finnish) using a forward method. A teaching video was created for the research teams involved in the validation of the BPAT. The BPAT was 
Question
Scoring Legend
Score-Tool Developed for ICU Population
Score-Tool Developed for Non-ICU Population
BOT BPAT BPS BPS-NI CPOT ESCID NPAT
NVPS-I/ NVPS-R PAIN FLACC MOPAT
NCS-R/ NCS-R-I PAINAD
Scale Development: Item Selection and Content Validation
1.1
Was the process of item selection described? 2: Scale was developed for a specific population, using a theoretical or conceptual framework; or a qualitative approach was used (eg, consultation with clinicians or patients). 
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Scoring Legend
Score-Tool Developed for ICU Population
Score-Tool Developed for Non-ICU Population
BOT BPAT BPS BPS-NI CPOT ESCID NPAT
NVPS-I/ NVPS-R PAIN FLACC MOPAT
NCS-R/ NCS-R-I PAINAD
Criterion validation: Was
the specificity of the scale calculated? Discriminative validation: Was the scale able to discriminate between different situations, eg, between pain and no pain (eg, at rest and during a nociceptive procedure, before and after the administration of an analgesic)? 2: A clinically important difference was found.
1: A difference was found but was not considered clinically important. 0: No difference was found or no information is provided. 
Scale Feasibility
4.1
Was the feasibility (ie, ease of usage with which clinicians can apply the instrument in the clinical setting) of the scale examined? 1: Scale is considered to be feasible to use by more than 80% of the clinicians.
0: Scale is considered to be complex to use by more than 20% of the clinicians or no information is provided. 
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Scoring Legend
Score-Tool Developed for ICU Population
Score-Tool Developed for Non-ICU Population
BOT BPAT BPS BPS-NI CPOT ESCID NPAT
NVPS-I/ NVPS-R PAIN FLACC MOPAT
NCS-R/ NCS-R-I PAINAD
Scale Relevance or Impact of Implementation on ICU Patient Outcomes
5.1
Was the relevance of the scale or impact of its implementation in ICU patient outcomes examined? 1: Scale is considered to be useful and relevant to practice by more than 80% of the clinicians; use of the scale yielded a significant change to practice (eg, better use of medication, increase in patients' assessments). 0: Scale is not considered to be useful and relevant to practice by more than 20% of the clinicians; use of the scale did not yield a significant change in practice or no information provided. validated in 3851 patients from 192 ICU settings in 28 countries. 15 Interrater reliability was supported by good to excellent (> 0.60) coefficients for most behavioral items, which were assessed at rest and during procedures by 2 raters from the ICU care team (eg, nurses, physicians, respiratory therapists, physiotherapists). A few moderate coefficients were found for muscle rigidity (0.43), wince (0.50), and clenched fists (0.51) at rest. Discriminative validation was demonstrated, with behaviors more likely to be present during procedures than at rest in patients in the ICU who were able or not able to self-report. Regarding criterion validation, moderate correlations were found during procedures between the BPAT scores and the 0 to 10 pain intensity (r = 0.54) and pain distress (r = 0.49) scores. A BPAT cut-point score greater than 3 could adequately classify 75% of patients with or without severe pain with good sensitivity (62%) and specificity (75%). An additional item related to compliance with mechanical ventilatory support would enhance its applicability in patients in the ICU who were receiving such support. The BPAT's feasibility and implementation in clinical practice need to be studied. Behavioral Pain Scale and Behavioral Pain Scale-Nonintubated. A total of 39 published ICU studies using the BPS and/or BPS-NI were selected, including 19 new articles published since the 2018 updated SCCM practice guidelines. 4 The psychometric scores of both the BPS and the BPS-NI were increased by more than 2 points with cumulative evidence. A training poster for the BPS/BPS-NI 16 is available on the SCCM's ICU Liberation webpage (https://www.sccm.org/ICULiberation /Resources/Behavioral-Pain-Scale-Training -Poster). Studies were conducted in 17 countries. The original versions of the BPS 17 and BPS-NI 16 were developed in French, and both tools were translated into English using a forward method. The BPS was translated in 10 other languages: Brazilian, 18 Brazilian Portuguese, 19 Dutch, 20 Italian, 21 Chinese, 22 Mandarin, 23 Norwegian, 24 Polish, 25 Swedish, 26 and Finnish. 27 The BPS-NI was translated in 4 other languages: Chinese, 28 Italian, 21 Norwegian, 24 and Swedish. 26 All used a forward-backward translation method except for the Dutch version of the BPS, 20 for which a forward method was used. The Swedish versions of the BPS and BPS-NI 26 were translated following the 10-step process established by the International Society for Pharmacoeconomics and Outcomes. 29 The Chinese versions of the BPS and BPS-NI 22, 28 and the Polish version of the BPS 25 were translated using a rigorous, multiple-step process with forward-backward translation, expert committee, and pretest.
The BPS was validated in 25 studies involving 1791 patients in the ICU who had various medical, surgical, and/or trauma diagnoses, 17, 20, 22, 23, 25, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] and in studies that included specific ICU groups such as patients with brain injury 18, [42] [43] [44] [45] [46] [47] and patients who underwent cardiac surgery. 48 The BPS-NI was validated in 2 studies 16, 21 with 75 patients in medical and surgical ICUs, including 30 with delirium. 16 Both tools were simultaneously validated in 6 studies with 658 patients in medical and surgical ICUs. 19, 24, 26, 28, 48, 49 Internal consistency was examined in 14 studies for the BPS, 18, 20, 23, 25, [31] [32] [33] 37, [40] [41] [42] [43] 47 ,50 2 studies for the BPS-NI, 16, 21 and 3 studies for both tools. 28, 48, 49 Good (> 0.70) or acceptable (0.50-0.70) Cronbach values were found in most studies, and a low value (< 0.20) was only found in patients at rest preprocedure for the Polish version of the BPS. 25 However, in 9 studies (69%), 16, 23, [31] [32] [33] 37, 42, 48, 49 Cronbach s were calculated using dependent data (ie, repeated observations within subjects), which may inflate the coefficient values.
Interrater reliability was tested in 18 studies for the BPS, 17, 18, 20, 22, 25, [30] [31] [32] [33] 35, 37, 38, [40] [41] [42] 46, 47, 50 both studies for the BPS-NI, 16, 21 and all 6 studies for both tools. 19, 24, 26, 28, 48, 49 Weighted and/or intraclass correlation coefficients (ICCs) greater than 0.60 were reported in most studies, and a lower value (0.36) was obtained at rest for the Norwegian version of the BPS-NI. 24 Low percentages of agreement (36%-46%) were also reported during postprocedure assessments for the BPS. 40 Such findings may be obtained when raters do not focus on the same behaviors during the observation period. Not enough practice with the tool may also explain lower results. Nurses, physicians, and other health professionals were involved as raters in most studies except that of Liu et al, 49 in which raters were the investigator and a research assistant.
Regarding validation strategies, discriminative validation comparing painful and nonpainful conditions or standard care procedures (Appendix A) was examined in most validation studies (n = 29 of 33; 88%). Significant increases in BPS/BPS-NI scores during painful procedures were found compared with rest and/or nonpainful procedures in all studies. [16] [17] [18] [19] [20] [21] [22] [24] [25] [26] 28, [31] [32] [33] [35] [36] [37] [38] [39] [40] [42] [43] [44] [45] [46] [47] [48] [49] [50] The 2 most common painful procedures were endotracheal/tracheal suctioning (n = 19 studies) and turning or repositioning/changing position (n = 16 studies). Klein et al 19 performed a standardized stimulation by pressure algometry for the validation of the Brazilian Portuguese version of the BPS and BPS-NI. Nonpainful procedures were performed in 17 studies, and the 3 most commonly used were eye cleaning (n = 6 studies), 18, 40, 43, [45] [46] [47] noninvasive blood pressure (n = 3 studies), 25, 35, 49 and arterial or central catheter dressing change (n = 3 studies). 16, 17, 31 Criterion validation was tested in 7 studies for the BPS, 22, 31, 34, 35, 38, 39, 42 in 1 study for the BPS-NI, 21 and in 1 study for both tools. 28 Moderate to high correlations (range, 0.56-0.89) were obtained between BPS/BPS-NI and numeric rating scores (NRS) ranging from 0 to 10 or descriptive scores ranging from 0 to 4. 21, 28, 31, 38, 39 Lower correlations (< 0.40) were found between BPS and NRS ranging from 0 to 10 when patients were at rest. 34, 38 A cut-point score was only explored for the English, French, and Chinese versions of the BPS. Receiver-operating curve (ROC) analysis showed that the BPS cutpoint ranged from 5 to 6.5, with better classification during painful procedures such as nursing care and endotracheal suctioning (area under the curve [AUC] range, 0.73-0.83) 22, 35, 39 compared with classification at rest (AUC range, 0.60-0.73). 34, 39 Sensitivity varied from 52% to 90% and specificity from 46% to 92%. Self-reports of pain at rest and during procedures were combined in some studies for the calculation of correlation 39 or ROC analysis. 35 In the Bernard et al study, 42 BPS scores during painful procedures (eg, turning, endotracheal suctioning) were used as the reference standard compared to preprocedure BPS scores in 50 patients in the ICU who had brain injury. Correlated ROC curves were compared and the authors reported an AUC of 0.96 for a BPS cut-point score of 4. The threshold was lower in this sample of patients with brain injury in the ICU than the thresholds obtained when the patient's self-report of pain was used as the gold standard for this type of analysis. To our knowledge, cut-point scores of other language versions of the BPS and BPS-NI remain to be studied.
The feasibility and clinical relevance of the use of the BPS were evaluated in 4 studies. 17, 42, 48, 51 The BPS was evaluated as easy to use or to learn, precise or accurate, and useful by the majority of clinicians (most were nurses). In the initial validation study of the BPS, few evaluators (25%) expressed some concerns regarding its complexity. 17 Five implementation studies with results reported in 6 papers in 4 countries (Australia, France, Germany, and Norway) were identified: 3 for the BPS only (French and English versions) [51] [52] [53] and 3 for the BPS and BPS-NI (French and Norwegian versions). [54] [55] [56] Nurses' adherence to use of the Norwegian version of the BPS/ BPS-NI as part of a pain management algorithm was high (75%). 55 An increase in the documentation of pain assessments 52, 56 and decrease in the incidence of severe pain and adverse events 51,54 were described. A reduction in mechanical ventilation duration and/or ICU length of stay was found in 2 studies, 51, 56 but no change was reported in 1 study. 53 Implementation of pain and delirium monitoring was associated with a decrease in mortality rate in 1 study. 52 Changes in the ordering and/or use of analgesics and sedatives were also described. 51, 54, 56 Critical-Care Pain Observation Tool. A total of 59 CPOT studies conducted in the ICU setting were included in this review, 35 of which were new articles published after the previous review. The CPOT reached the maximum psychometric score based on cumulative and new evidence. Studies were conducted in 21 countries. The CPOT was initially developed in French 57,58 (using various sources, including literature, chart reviews, and consultation with critical care clinicians) and a content validation process, 59 and it was translated into English using a forward-backward method. 60 The directions for the CPOT use are available in French 61 and English 62 and a training video was developed by Kaiser Permanente Northern California Nursing Research, which can be found at https://kpnursing.org /professionaldevelopment/index.html as well as on the SCCM's ICU Liberation webpage (http://www .sccm.org/ICULiberation/Resources /Critical-Care-Pain-Observation-Tool-How-to-Use-it). It is now available in 17 other languages (Appendix A). Most used a forward-backward translation method (ie, the Danish, 63 Dutch, 64 German, 65 Greek, 66 Japanese, 67 Korean, 68 Persian, 69 Polish, 70 Mandarin, 23 versions of the CPOT). The Spanish version 72 and another Dutch 20 version of the CPOT were translated using a forward method. The translation method of the Italian version of the CPOT was not specified by the authors. 73 The Finnish, the Norwegian, and the Swedish versions of the CPOT 27, 74, 75 were translated following the International Society for Pharmacoeconomics and Outcomes 10-step process. 29 The Brazilian Portuguese 19 and Chinese 76 versions were translated using a similar rigorous process with forward-backward translation, cognitive interviewing, expert committee, and pretest. The language version of the CPOT was not specified in 10 studies conducted in countries where English is not the primary language.
In addition to its content validation, 59 the CPOT was validated in 47 studies selected for this review, with a total of 3966 patients in the ICU who had various diagnoses and were or were not able to self-report pain. Most studies included patients with medical and/or surgical diagnoses (n = 31 studies) 19, 20, 23, [33] [34] [35] [36] 39, 48, 49, 60, 61, [63] [64] [65] [68] [69] [70] 71, [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] ; some of these studies also included trauma patients (n = 7 studies) 60, 61, 68, 69, [79] [80] [81] ; others specifically included patients who had undergone cardiac surgery (n = 9 studies; n = 730 patients; 18%) 50, 58, 71, [86] [87] [88] [89] [90] [91] or who had brain injury (n = 7 studies; n = 690 patients; 17%). 44, [92] [93] [94] [95] [96] [97] Internal consistency was examined in 17 studies. 20, 23, 33, [48] [49] [50] [63] [64] [65] 69, 71, 75, 76, 78, 82, 84, 96 Good (> 0.70) and acceptable (0.50-0.70) Cronbach values were found in most studies, and a very low value (0.31) was only found at rest after a procedure, with the Swedish version of the CPOT. 75 However, in 7 studies, 23, 33, 49, 64, 78, 82, 84 Cronbach values were calculated using dependent data (ie, repeated observations).
Interrater reliability was reported mainly with weighted and/or ICC values in 33 studies, 19, 20, 33, 35, [48] [49] [50] 58, 60, [63] [64] [65] [68] [69] [70] [71] [72] [74] [75] [76] [77] [78] [79] 82, 85, 86, 89, [91] [92] [93] [95] [96] [97] and values greater than 0.60 were obtained in 30 of these studies. Clinical staff (mainly nurses) were involved as raters in 22 studies, whereas in other studies, only the investigators and/or research staff were raters. Low values (< 0.40) were reported mainly at rest. 86, 89 Lower ICCs were found both at rest (0.38) and during turning (0.56) among 4 nurses who used the Dutch version of the CPOT. 64 These nurses received a 90-minute standardized training, but there was no information regarding the evaluation of their competence using the Dutch version of the CPOT before data collection. When interrater reliability is not satisfactory, intrarater reliability is a useful strategy to identify low raters. 98, 99 However, it is only possible to do with videos so raters can view them at a later date (a minimum 1-month interval is recommended to avoid raters recalling their scoring) and perform their scoring of the same patient and under the same conditions. Intrarater reliability was examined in 2 studies 86, 92 and ICC values greater than 0.80 were obtained for each rater except for 1 value of 0.54 for assessment at rest by 1 rater. 86 Discriminative validation was examined in most of validation studies (n = 43 of 47; 91%). Significant increases in CPOT scores during painful procedures were found in all these studies compared with rest and nonpainful procedures. 19, 20, 33, 35, 36, 39, 44, [48] [49] [50] 58, 60, 61, [63] [64] [65] [68] [69] [70] [71] [72] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [85] [86] [87] [89] [90] [91] [92] [93] [94] [95] [96] [97] The 2 most common painful procedures were turning or repositioning/changing position (n = 33 studies), and endotracheal/tracheal suctioning (n = 16 studies). Interestingly, oral care procedures (eg, oral suctioning, tooth brushing, swabbing with a sponge toothette) were considered as painful in a study by Dale et al 79 but as nonpainful in the studies led by Rijkenberg et al 20, 50 (no specific description of the procedure was provided). In addition, a standardized stimulation by pressure algometry was performed for validation of the Brazilian Portuguese version of the CPOT. 19 Nonpainful procedures were performed in 20 studies; the 2 most commonly used were noninvasive blood pressure using cuff inflation (n = 9 studies) 35, 49, 60, 61, 76, 82, 86, 92, 97 and soft touch (n = 4 studies). 65, 85, 93, 95 Criterion validation was examined in 24 studies using the patient's self-report of pain presence and/or pain intensity (ie, 0-10 NRS, visual analog scale, or descriptive scale). The CPOT consistently has been associated with self-report of the presence of pain (yes/no). Moderate to high correlations were found with the self-report of pain intensity with higher coefficients (range, 0.42-0.84) during painful procedures. 39, 58, 60, 63, 77, 78, 86, 93, 97 Lower correlations (< 0.40) were found while patients were at rest in a study combining delirious and nondelirious patients, 34 in patients with spinal cord or brain injury, 96 and in some cardiac surgery samples. 88, 89 The best CPOT cut-point score that adequately classifies self-reported pain during procedures (AUC range, 72%-91%) varied between 2 39,65,70,76,79,93,99 and 3. 35, 60, 63 During procedures, sensitivity ranged from 67% to 93% and specificity from 46% to 90%. The CPOT cut-point score was lower at rest and ranged between 1 59 and 2, 34,68,76 with sensitivity ranging from 47% to 81% and specificity from 65% to 97%. Self-reports of pain at rest and during procedures were combined in some studies to establish the best CPOT cutpoint score. 64, 95, 96 The feasibility and/or implementation of CPOT in ICU settings were described in 14 papers. The English, French, and Italian versions of the CPOT were implemented in 6 countries (Australia, Canada, Iran, Italy, United Kingdom, and United States) mainly in mixed ICUs (ie, medical/surgical/trauma). The CPOT was rated as feasible and clinically relevant by ICU nurses. 48, 61, 62, 97, 101, 102 Training in the use of the CPOT allowed nurses to improve their diagnosis of pain in patients with low levels of consciousness. 103 However, ICU nurses highlighted that the training did not improve communication of pain assessment findings with physicians who were not familiar with the tool. 102 Documentation of pain assessments significantly increased after implementation of the CPOT, reaching or exceeding the minimum frequency interval (ie, every 2-3 hours). [104] [105] [106] [107] [108] Implementation of CPOT and standardized protocols also led to a reduction in sedative use 104, 105, 108, 109 and led to appropriate use of opioids based on regular assessments to evaluate effectiveness of analgesia. [104] [105] [106] [107] 110 Positive impacts on patient outcomes also were reported, such as fewer complications, 110 shorter time requiring mechanical ventilatory support, 109 and a low recollection of severe pain by patients surviving their stay in the ICU. 104 Behavioral Indicators of Pain Scale. To our knowledge, the ESCID was analyzed for the first time in the present review. It was developed in Spanish by Latorre-Marco et al 111 and is an adaptation of the Campbell's scale, 112 which was suggested by the Analgesia and Sedation Work Group of the Spanish Society of Intensive Care Medicine and Coronary Units. 113 As part of the adaptation process, the authors performed content validation with 13 expert clinicians (9 nurses and 4 physicians), and a content validity index was calculated for each item. The lowest content validity index was determined for the item "compliance with ventilator" and it was modified to improve its clarity and meaning. The scale is also available in English, 114 but the translation method was not specified and the English version does not appear to have been validated yet.
The ESCID was validated with a total of 356 patients in the ICU setting in Spain: 232 with mixed diagnoses 111, 114 and 124 patients with trauma. 115 Regarding internal consistency, Cronbach values from 0.69 to 0.85 were obtained for the ESICD total score or when calculated with 1 item deleted, but repeated observations were used in the calculation of these coefficients. 111, 114 A Cronbach of 0.63 was also reported in patients who had a Richmond Agitation-Sedation Score (RASS) of −5, 114 which appears irrelevant because behaviors are not observable in unresponsive patients. Interrater reliability was examined with raters from the research team and trained nurses in 2 studies 114, 115 and by members of the research team only in the initial validation study. 111 The coefficients using an ESCID cut-point score of greater than 3 ranged from 0.66 to 1 at all assessment times (ie, before, during, and after procedures) and at the 3 data collection days in the Lopez-Lopez et al study. 115 Analyses of variance were not significant when comparing the ESCID mean scores of raters in the Latorre-Marco et al studies. 111, 114 The authors mentioned checking for intrarater reliability by comparing ESCID scores between procedures for each rater. However, such a procedure is not appropriate, because raters should have observed the patient during the same procedure twice. Considering that acute pain can vary over time, intrarater reliability through the use of videos appears the most appropriate method to allow raters to score the patient again under the same condition but at a later time.
Discriminative validation was examined in all 3 studies. Consistent findings were obtained with higher scores (ie, increases by > 2 points) during painful procedures (eg, turning/repositioning, mobilization, tracheal suctioning) when compared with preprocedure rest and a nonpainful procedure (ie, gentle rub of a gauze cloth on intact skin). 111, 114, 115 Criterion validation remains to be tested and is a useful strategy to establish a cut-point score for clinical use. Feasibility and implementation of the ESCID in clinical practice also need to be studied.
Nonverbal Pain Assessment Tool. The Nonverbal Pain Assessment Tool (NPAT) is available in English and was validated in 220 medical and surgical patients from 4 adult ICUs. 116 No new article was retrieved for this tool when compiling the present review, and the NPAT was described in our previous review. 7 Briefly, internal consistency ( = 0.82) was high, and interrater reliability was moderate to high (r = 0.52-0.88) between 2 nurses' rating scores (5 teams of 2 nurses participated). Low correlation coefficients (ie, 0.21-0.31) were found between NPAT scores and patients' self-reports of pain intensity on a scale of 0 to 10. No information about the conditions of pain assessments (eg, at rest, during care procedures) was provided. These findings supported the reliability but not the validity of the NPAT use, and additional validation of the tool would be necessary.
Nonverbal Pain Scale-Initial and Revised Versions. Of the 12 studies using NVPS-I or NVPS-R included in the present review, 5 were published after the previous review. Ten were validation studies with a total of 778 patients in the ICU, and 2 were implementation studies. The psychometric scores of both versions of the NVPS were increased by more than 3 points with new evidence. Two versions of the NVPS exist: the NVPS-I and the NVPS-R. The initial version of the NVPS was developed in English and includes 3 behavioral and 2 physiological indicators; its content was evaluated by critical care experts. 117 The NVPS-R, in which the skin physiologic indicator was modified for a respiratory item (ie, respiratory rate, oxygen saturation, compliance with ventilator), is also available. 118 In addition to the English version, the NVPS-I was translated into Polish using a forward method and a content validation process with ICU nurses. 25 The NVPS-R was translated into Finnish 27 using the Inter national Society for Pharmacoeconomics and Outcomes 10-step process, and into Turkish using a forwardbackward method and a content validation process with 9 specialists 119 ; an overall content validity index of 1.00 was reported for the Turkish version. Both versions of the tool were translated for a study conducted in Iran, but neither the language nor the translation method was specified by the authors. 120 The NVPS-I was validated in 3 studies with 237 patients with medical, surgical, trauma, neurologic, or burn diagnoses. 25, 38, 117 The NVPS-R was validated in 5 studies with 417 patients with medical, surgical, trauma, and neurologic diagnoses. 33, 37, 48, 97, 119 Both versions of the tool were simultaneously validated in 2 studies with 124 patients with various diagnoses. 118, 120 Internal consistency was examined in 8 studies and results were variable for both the NVPS-I and the NVPS-R: Cronbach coefficients ranged from 0.36 to 0.72 at different times. 25, 118 The highest values of 0.62 and 0.78 were obtained during the painful procedure for the NVPS-I 118 and the Turkish version of the NVPS-R, 119 respectively. The value of Cronbach was improved during the nonpainful and painful procedures when physiologic indicators (eg, vital signs, skin) were removed in the Polish version of the NVPS-I. 25 Higher Cronbach values (0.75-0.86) were obtained when repeated observations were used for the calculation of the coefficients. 33, 37, 48, 117, 120 Interrater reliability was tested with raters from the research team and ICU nurses in most studies but not in that of Rahu et al, 38 in which only the investigators were involved as raters. Percentages of agreement (> 90%) 118 as well as ICC values and coefficients were high (0.60-0.95) in several studies. 33, 37, 49, 120 Lower interrater reliability coefficients were found with the Polish version of the NVPS-I ( = 0.44) 25 and for the English version of the NVPS-R, with ICCs in the latter ranging from 0.34 to 0.49 at rest before and after procedures and an ICC of 0.55 during the nonpainful procedure (ie, noninvasive blood pressure). 121 Discriminative validation was tested in most studies (n = 7 of 10; 70%) and was supported by significant increases in the tool's scores during painful procedures compared with rest and nonpainful procedures. 25, 37, 38, 48, 97, 118, 120 The most common painful procedures were endotracheal suctioning and/or turning or repositioning, 25, 37, 38, 48, 97, 118, 120 and various nonpainful procedures were used across studies. It is worth mentioning that the skin indicator of the NVPS-I did not increase significantly during endotracheal suctioning. 118 Criterion validation was explored in only one study of the NVPS-I 38 and one of the NVPS-R 97 ; in the Iranian study, both versions were used. 120 In association with the 0 to 10 scale of self-reported pain intensity, a low correlation of 0.31 was found during turning for the English version of the NVPS-R, 97 and moderate correlations 0.41 and 0.56 were obtained during physical examination and during endotracheal suctioning for the English version of the NVPS-I, respectively. 38 Using 269 self-reports of the presence or absence of pain from 60 patients in the ICU, the authors of the Iranian study reported sensitivity and specificity greater than 95%, with a cut-point score of 1.5 for both the translated versions of the NVPS-I and of the NVPS-R. 120 The implementation of the English version of the NVPS-I in 2 neurological and trauma ICU settings was evaluated in Canada 121 and in the United States. 122 In the latter study, by Sacco et al, 122 the NVPS-I was implemented as part of an analgesia and sedation guideline. There was an increase in the documentation of pain assessments, and patients reported an overall decrease in their pain after implementation of the tool. 121 A decrease in the average number of sedation days and in analgesic treatment duration was found in that implementation study. 122 The tool or guideline was rated as easy to use by ICU nurses in both studies. Although the ICU nurses' satisfaction with the guideline was positive in the Sacco et al study, 122 nurses in the Topolovec-Vranic et al study 121 were less likely to agree that the NVPS-I would ease the assessment of their patients' pain, make them confident to request fewer or more analgesics, or improve their pain management practice. The feasibility and clinical relevance of the English version of the NVPS-R was evaluated by 10 ICU nurses in 1 validation study in Canada. 97 Although the NVPS-R was rated as easy to use by nurses, its clinical relevance was only supported by 20% of them. Physicians' practices with regard to pain management and inconsistent pain assessment and management practices of the staff were mentioned as major barriers by ICU nurses. 97 Pain Assessment Intervention Notation. The PAIN was analyzed in our previous review, 7 and no new article was retrieved for the present update. The PAIN algorithm is a tool developed by a team of critical care nurses and pain experts and intended to combine pain assessments with subsequent pain interventions. 13 Clinicians are directed to first use a checklist of 4 behaviors and 5 physiologic signs to determine the presence or absence of pain. The nurse is then prompted to elicit the patient's degree of pain intensity on a 0 to 10 NRS. The management steps of the algorithm involve assessing for potential problems influencing opioid administration and making an analgesic treatment decision. The PAIN tool was tested with 31 recently extubated, self-reporting adults in the ICU after surgery. 13 The number of behavioral and physiological indicators observed was significantly associated with the nurses' proxy ratings of 0 to 10 pain intensity on an NRS (r = 0.17 to 0.77). However, the relationship between the patient's self-report of pain intensity and behavioral and physiological indicators was not calculated; therefore, criterion validation was not described in this sample. Nine of 11 nurse evaluators of 31 patients deemed the instrument to be helpful, whereas a few nurses (n = 4) found the PAIN tool to be too complex. 123 Although the PAIN tool was tested in a small sample of patients in the ICU who were able to communicate, most psychometric properties were not examined. The PAIN tool is based on the nurse's clinical judgment and appears to be more of a pain-management educational tool than a single pain scale per se.
Behavioral Pain Assessment Tools Developed for Non-ICU Populations
Face, Legs, Activity, Cry, Consolability. The psychometric analysis of the Face, Legs, Activity, Cry, Consolability (FLACC) was described in our previous review, 7 and no new article was retrieved for the present update. The tool was initially developed for children with cognitive impairment, 124 and its use was validated in a sample of 29 adults and 8 pediatric patients from medical and surgical ICUs by Voepel-Lewis et al. 125 A Cronbach coefficient of 0.88 was obtained using dependent data (n = 73 observations from 37 patients), which was improved to 0.93 by removing the "cry" item from the scale. Such a finding may indicate that the cry item is not relevant to adults in the ICU. Interrater reliability was demonstrated with an ICC of 0.98 for the FLACC scores between 2 nurse raters who completed 60 observations in 29 adult patients in the ICU. Significant reductions in FLACC scores (P < .001) comparing before and after analgesic administration or painful and nonpainful procedures supported discriminative validation. Additional research is necessary to adapt the content of the FLACC for the ICU adult population and to establish the reliability and validity of its use in noncommunicative, critically ill adults.
Multidimensional Objective Pain Assessment Tool. The Multidimensional Objective Pain Assessment Tool (MOPAT) was newly analyzed in this review. The tool includes 4 Downloaded from http://aacnjournals.org/aacnacconline/article-pdf/30/4/365/123787/365.pdf by guest on 19 February 2020 behavioral and 4 physiologic indicators. Its content development was based on the ratings of pain descriptors by 20 nurses according to their own experience of assessing pain in noncommunicative and cognitively impaired patients in hospice. 126 The validity, reliability, and clinical usefulness of the MOPAT was tested in noncommunicative hospice patients. 126 The blood pressure indicator was reported as having a negligible effect. 126 The MOPAT (including the blood pressure indicator) was evaluated in 27 patients in the medical ICU who were unable to self-report pain. 127 Internal consistency of MOPAT total scores was moderate during and after painful procedures, with Cronbach values of 0.68 and 0.72, respectively. Cronbach values were higher for the behavioral component (≥ 0.80) compared with the physiologic component during and after the painful procedures (0.37 and 0.57, respectively). Interrater agreement among 3 raters (from 2 investigators and 21 nurses) was 68% and 83% for the behavioral component, 80% and 79% for the physiologic component ( coefficients not provided) at the 2 times. Discriminative validation was demonstrated for behavioral and physiologic indicators, as well as for the MOPAT total score-all showing significantly higher scores during versus after a painful procedure (eg, turning, suctioning). The physiologic indicators had a very small effect on the variation of the total score. The Clinical Utility Questionnaire was used to evaluate the nurses' perceptions regarding the usefulness of the MOPAT. The tool was considered easy to use and helpful in determining the presence of pain in a noncommunicative patient by more than 93% of the responders, but 20% were undecided about whether the tool assisted them in communicating to others about a patient's pain. 127 The MOPAT was validated in a small ICU sample but was evaluated as feasible and clinically useful by ICU nurses. 127 Overall, the behavioral indicators appear to be the most helpful, whereas the physiologic indicators require additional study. The item related to "patient sounds" is not applicable to patients receiving mechanical ventilatory support and would require an alternative item for this ICU clientele. Implementation studies in clinical practice are needed.
Nociception Coma Scale-Revised. The NCS-R 128 is a short version (with the visual response removed) of the 4-item NCS developed for nociception and pain assessment in patients with brain injury with disorders of consciousness. 129 The initial version of the NCS was developed on the basis of an extensive literature review and pilot data, and it was tested in 48 patients from various settings (eg, acute care, neurology, neurorehabilitation, nursing homes) but not in the ICU. The NCS-R was newly analyzed in the present review. It was tested in a total of 60 acute care patients with brain injury in 2 studies by Chatelle et al. 128, 130 In their 2012 study, 128 21 patients with acute brain injury (including patients in the ICU) were part of a larger sample with chronic patients who were 1 month to 6 years after injury (n = 64). Patients were assessed at baseline (rest), with a non-nociceptive stimulation (taps on the patient's shoulders), and with a nociceptive stimulation (pressure on the nail bed measured in Newton-meters). In this study, 128 Chatelle et al initially used the NCS, with which they obtained poor validity results. They decided to remove the visual response item, which led to improved findings. The NCS-R could discriminate among baseline, the non-nociceptive, and the nociceptive stimulations. The researchers used ROC analysis to compare curves between the nonnociceptive and the nociceptive stimulations. 128 A cut-point score of 4 with a sensitivity of 73% and a specificity of 97% was found. The NCS-R cut-point score varied according to the patient's level of consciousness and was lower (score of 3) for those in a vegetative state. In the 2016 study of Chatelle et al, 130 discriminative validation of the NCS-R was supported with significant lower scores after administration of an analgesic compared with before administration in 39 patients with brain injury who were in the ICU and neurology units. Chatelle et al used an NCS-R cut-point score of 4 as a criterion to confirm the presence of pain before the administration of an analgesic. Neither internal consistency nor interrater reliability were examined in these studies. 128, 130 Of note, the score of 3 for the facial expression item (the cry item) is greater than that given for grimace (score of 2). It remains unclear from the scoring description if facial contraction should be present in addition to cry to obtain the highest score on this item. 129 Also, the item "verbal response" would not be applicable to patients receiving mechanical ventilatory support.
To make the NCS-R applicable to patients in the ICU receiving mechanical ventilatory support, Bernard et al 42 replaced the verbal response item of the NCS-R with the compliance with ventilator item of the BPS and called it the NCS-R-I (I for intubated). They tested this version in 50 patients in the ICU with brain injury who were intubated. A Cronbach of 0.69 was found for internal consistency, and interrater reliability was supported with a weighted of 0.84 between the investigator and nurse raters. Significant increases in the NCS-R-I scores were found during both the non-nociceptive (ie, assessment of the sedation level using the RASS procedure) and the nociceptive procedures (ie, tracheal suctioning and turning), but the increase was greater during the nociceptive procedures. Using the nociceptive procedures as the reference criterion and the non-nociceptive procedure as a comparator, correlated ROC curves resulted in an AUC of 0.97 for an NCS-R-I cut-point score of 2. ICU nurses (n = 15 of 21; 71% response rate) evaluated the NCS-R-I as precise (93%), useful (100%), and easy to learn (80%).
Pain Assessment in Advanced Dementia Tool. The Pain Assessment in Advanced Dementia (PAINAD) tool was developed to assess pain in individuals with advanced dementia. 10 It was validated by Paulson-Conger et al 84 for use in 100 adult patients in 4 medical ICUs (cardiac, medical, surgical, and neurologic) of a level I trauma center in the United States. The PAINAD tool was analyzed as part of the 2018 SCCM clinical practice guidelines, 4 and 1 new validation study with 50 patients who were admitted to the ICU for spinal cord or brain injury was added in this review, 96 which led to a 3-point increase in its psychometric score. In the study by Paulson-Conger et al, 84 patients were assessed only once, while at rest, by the principal investigator or trained data collectors (1 per critical care unit). Internal consistency was supported with a Cronbach of 0.80. Correlation between PAINAD and CPOT scores was 0.86. Such a high correlation between the tools' scores is not surprising-they include similar items. Comparing 2 tools measuring the same construct (in this case, pain behaviors) refers to convergent validation but, ideally, it should be done by selecting 2 different assessment methods and not similar tools. 99 In the study by Sulla et al, 96 a correlation of 0.67 was found between the PAINAD and self-reported NRS scores and almost a perfect classification ability (AUC = 0.98) using repeated observations. The use of the PAINAD tool in critically ill adults cannot be supported, because some validation strategies remain to be examined (ie, interrater reliability) or replicated (ie, criterion and discriminative validation), and some tests (correlation and ROC curve analysis) were performed using methods not considering dependent data. In addition, the PAINAD tool's content should be adapted for use with patients receiving mechanical ventilatory support, for whom the item "vocalization" is not applicable.
Discussion
Validation studies of behavioral pain assessment tools in critically ill adults have increased substantially in recent years. In fact, half of all studies included in this review were published in the last 3 years. Considering these additional studies, higher psychometric scores were obtained for many tools, including the BPS, BPS-NI, CPOT, NVPS-I, NVPS-R, and PAINAD, when compared with those of the 2018 SCCM clinical practice guidelines. 4 The BPS, BPS-NI, and the CPOT remain the behavioral pain assessment tools with the strongest psychometric properties, as stated in the 2018 SCCM guidelines. 4 These tools underwent external validation in several countries (not including Canada and France, where they were originally developed) and have been translated into several different languages. Comparison of the BPS and the CPOT yielded similar psychometric results. 19, 20, 23, 33, 35, 36, 39, [48] [49] [50] The BPAT is the tool that was validated in the most countries (n = 28) and is available in multiple languages. Good psychometric findings have been reported for the initial and revised versions of the NVPS for their use in the ICU; however, the physiologic indicators did not perform as well as the behavioral indicators. Similar findings were obtained using the MOPAT, with the behavioral indicators performing better compared with physiologic indicators. Tools developed for pediatric and non-ICU populations would require some adaptation to be applicable to the adult ICU population. This strengthens the fact that use of a tool is valid for a specific population and in a given context, 99 and that use of the tool in a different patient group or context of care is contingent on its additional validation in these new circumstances.
In many studies, a lack of attention to basic assumptions in statistics was noted. The most frequent was the calculation of Cronbach or correlation coefficients on the basis of the number of observations (eg, 300 observations) within subjects (eg, 30 patients) assessed at different times, which may inflate the values of these coefficients. A more accurate approach is to calculate and report these coefficients using the sample of patients at each assessment time (eg, before, during, and after procedures). A Cronbach is based on shared variance among items, which may be low when calculated at rest because the tools' scores tend to be low. Cronbach also is influenced by the number of items (ie, a greater number of items increases the coefficient value). 131 Therefore, we may question the relevance of this statistic for the validation of behavioral pain assessment tools.
Confusion regarding validation strategies was also noted. In several studies, authors reported a correlation coefficient between the scores of 2 scales with similar items (eg, BPS and CPOT) and described this strategy as convergent or a criterion validation. Convergent validation refers to comparing 2 different assessment methods measuring the same concept (in this review, the concept is related to pain behaviors). Using similar assessment methods (eg, 2 behavioral pain assessment tools), therefore, is not the most useful approach, because the correlation tends to be high (> 0.80), as reported in studies 19, 20, 23, 33, [35] [36] [37] 39, [48] [49] [50] 85, 96, 119 included in this review. The use of other pain-related measures such as pain distress 15 or pain unpleasantness 86 would be more appropriate for convergent validation testing. Criterion validation refers to comparing the tool with the gold standard established in the field. 99 The patient's selfreport is the gold standard criterion in the field of pain. Therefore, using 2 behavioral pain assessment tools for criterion validation is not appropriate.
ROC analysis is a common strategy to establish the performance of a test or tool to detect a problem as well as sensitivity and specificity associated with the best cut-point score. 132 A gold standard criterion must be present that allows discrimination of patients into 2 groups: 1 with pain and 1 without pain. Because behavioral pain assessment tools are developed for use with noncommunicative patients in the ICU, cut-point scores for these tools were established in most studies using the self-report of communicative patients in the ICU. 12, 22, 34, 35, 39, 60, 63, 68, 70, 76, 79, 93, 100 Although it may represent the best available approach according to the pain definition, this strategy may have limitations because the patient's self-report of pain must be reliable and is influenced by many personal and social factors. Delirium is a common source of unreliable self-report, and screening for delirium was not specified in many studies. Moreover, this approach may be appropriate if we assume that pain behaviors are the same in communicative and noncommunicative patients in the ICU. The level of consciousness and the level of sedation or agitation may influence pain behaviors. The threshold could be lower in patients with a low level of consciousness or a high level of sedation 42 or higher in agitated patients. 69 Another approach was explored by some research teams who used nociceptive procedures as the reference criterion in comparison with rest before a procedure or used non-nociceptive procedures to assess the ability of behavioral tools to detect pain. 42, 128 However, the way the authors dealt with dependent data (measurements during both conditions) within the ROC analysis was not specified. Also, not all patients experience pain during nociceptive procedures; therefore, the cut-point score instead would detect a nociceptive procedure (or nociception) than detect pain per se. For consistency in scoring criterion validation, we gave scores to studies in which the patient's self-report of pain was used as the gold standard. In future research, both criteria (ie, self-report of pain, nociceptive procedures) could be explored in ROC analysis to allow comparison between cutpoint scores.
In the 2013 SCCM clinical practice guidelines, 8 validation of behavioral pain assessment tools in patients with brain injury in the ICU was identified as an area for additional research. Since then, this patient group was specifically examined in several studies with the BPS, 18,42-47 the CPOT, 44,92-97 the NCS-R, 128, 130 and the NCS-R-I. 42 When compared with patients undergoing surgery and those with trauma, those with a brain injury had lower CPOT scores. 80 Interestingly, a low effect size was found for the facial expression item of the BPS, 47 and a grimace score of 2 and muscle rigidity score of 2 on the CPOT were not frequently observed. 93 In addition, specific behaviors such as orbit tightening and eye weeping were described in patients with brain injury in the ICU. 133, 134 Adaptation of the content of existing scales for such patients could enhance their applicability and validity in this vulnerable group.
Potential sources of bias in conducting this analysis include the selection and weighting of items in the psychometric scoring system that influenced the scores of each scale. Also, psychometric properties are not static and may evolve with further development or adaptation and validation testing of a scale. The use of a different system would lead to different scores for each scale. Psychometric scores also were established for the use in scales for adult patients in the ICU. Therefore, they do not reflect the psychometric performance of their use in other contexts of care.
Implications for Nursing
Nurses play a key role in the assessment and management of pain, and they are advocates for their patients to ensure that pain does not go unnoticed. They are responsible for regularly assessing pain using methods appropriate to a patient's ability to communicate and to offer adequate treatment based on a multimodal analgesic approach. Behavioral pain scores as part of pain management algorithms 3,24,54 may guide nurses in the administration of a low opioid dose when appropriate, and pain reassessment is essential to evaluate the effectiveness of analgesia and adjust the treatment. Nurses can also initiate nonpharmacologic interventions to optimize pain management. 4 Family members can be consulted about pain-related behaviors of their loved one and offered the opportunity to contribute to pain management if they feel comfortable doing so. [4] [5] [6] Pain management is a team effort and, to optimize the nurse's role in pain management, training on any tool's use should be offered to all members of the multidisciplinary team. Communication about pain assessment and management would be enhanced if addressed during nursing handoffs and multidisciplinary daily rounds, with all attendees understanding the methods used for obtaining crucial information about the patient's pain. In addition, ICU leaders, such as clinical nurse specialists or educators, are encouraged to conduct routine quality control on the use of pain assessment tools by clinicians so accurate information is used to make treatment decisions.
Future Research Steps
Implementation studies have focused mainly on pain management practice indicators and short-term patient outcomes. Still unexplored, however, is the impact pain management protocols based on the regular use of pain assessment tools have on long-term patient outcomes, such as chronic pain development and quality of life. In addition, behavioral pain assessment tools can only be used in patients able to behaviorally react to stimulation. Therefore, they are minimal or absent in patients who are heavily sedated (eg, RASS of −4) and are not observable in unresponsive patients (eg, Glasgow Coma Scale score of 3; RASS of −5). Behavioral pain assessment tools can also be challenging to use in very agitated patients. 68 In such situations, clinicians can consider that a patient might be in pain if a responsive patient in a similar condition would most likely report pain, and alternative assessment methods must be explored. Although vital signs are not valid for pain assessment purposes in the ICU when considered individually, 3-6 innovative technology may have some potential. The use of the Analgesia Nociception Index (which is based on heart rate variability) and the Nociception Level Index (which is based on multiple parameters related to heart rate, heart rate variability, galvanic skin response, and peripheral temperature) have been studied for ICU pain assessment, 44, 135, 136 but more research is needed.
Conclusions
The use of validated behavioral pain assessment tools is crucial for noncommunicative, critically ill patients. The BPS, BPS-NI, and CPOT, which were specifically developed for this population, have shown the strongest psychometric properties with highest evidence; their use is feasible and positively influenced pain management practices and patient outcomes. It is important that all members of the multidisciplinary team be trained to use the behavioral pain assessment tool selected for their ICU setting so they can interpret pain scores and better communicate about pain assessment findings. Assessing pain properly is the key step to improved pain management and better care for this vulnerable ICU population.
